Presumtive serological diagnosis of histoplasmosis depends, in general, upon two basic analyses: (i) positive complement fixation tests with whole yeast-phase cells or mycelial histoplasmin, and (ii) agar gel double-diffusion tests in which both the H and M precipitin lines are formed (11) . A complement fixation titer of at least 1:8 with either antigen is considered evidence of histoplasmosis. Patients with sera demonstrating a precipitin line with the H antigen are usually in the acute and progressive stage of active disease; those demonstrating only the M line are generally in a chronic stage of infection or have had an earlier contact with the causal organisms (10) .
Evaluation of patient sera by the agar gel double-diffusion technique depends upon the use of a histoplasmin standard which contains both H and M antigens and a second standard which contains only one of the known antigens. The single antigen standard is necessary to 87( distinguish the precipitation lines formed since it is known that variations in antigen concentration can cause the position of the M and H precipitin lines to be reversed (20) . In addition, known standard sera with antibodies to either or both of these antigens are required. Results of this test are much more dependable when reagents are used which contain only a single antigen-H or M. Reagents containing one or the other of these antigens may be prepared by differential fermentation with the correct strain (6, 7, 20) or by separation of the antigens by chemical means. Although preliminary descriptions of the separation of H and M antigens have been reported (4, 8) , neither of these antigens has been isolated in a purified condition suitable for use as primary standards and suitable for differential description of their chemical and serological characteristics. Because it would be of benefit to use purified antigens for diagnostic evaluations and because of our interest in the comparative chemical characteristics of these two antigens, we have attempted to separate and characterize them. Two fractions were obtained which were serologically specific, as H or M antigen, and each appeared to be a single moiety when examined by electrophoresis in acrylamide gel. Upon further investigation, however, each of these separated into two active fractions, one of approximately 35,000 molecular weight and a second of molecular weight greater than 200,000. Certain of the chemical and serological characteristics of these and associated antigens are described.
MATERIALS AND METHODS Antigen. Crude histoplasmin (containing 1: 10,000 merthiolate) which did not meet the complement fixation titer requirements for use as a standard reagent (18) was supplied by the Microbiological Reagents Unit (W. K. Harrell, Chief).
Sephadex G-100 chromatography. Crude histoplasmin was concentrated at least 10-fold on polyethylene glycol 20 (Carbowax) although a great reduction in the peak at the void volume was observed.
Removal of low-molecular-weight inactive material increased the specific activity in the complement fixation test and left the carbohydrate-to-protein ratio essentially unchanged. Depending upon the lot of histoplasmin tested, the carbohydrate-to-protein ratio of the combined fractions ranged from 2.0 to 1.0. Subsequently, larger columns of Sephadex G-100 were used, and the general characteristics and recoveries of fractions were not altered. All fractions showing capillary precipitin reactivity were combined for further purification on DEAE cellulose. DEAE cellulose fractionation. Ion exchange chromatography with DEAE cellulose separated the Sephadex G-100 purified histoplasmin into seven serologically active fractions (Fig. 3) . Although the first fraction eluted (0-15) had capillary precipitin reactivity, it had no complement fixation titer and showed no precipitin bands in agar gel double diffusion. The other six fractions were positive in all three tests ( Table  1) . As the pH of the eluting buffer decreased, the fractions showed a rough decrease in carbohydrate-to-protein ratio from 1.15 to 0.42; the fractions had 280/260 absorption ratios ranging from 1.22 to 1.02, which suggested a nucleic acid concentration no greater than 2 to 3%. Examination of the fractions by continuous absorption spectrum from 220 to 660 nm gave a smooth curve with a single peak at 276 nm for fractions 2 and 5. The remaining fractions had a single maximum between 275 and 280. Nevertheless, at concentrations of 1.0 mg/ml, the solutions of the fractions had a brown color for which there was no specific absorption peak. Preliminary examination of the fractions by agar gel double diffusion (Fig. 4 ) indicated that fraction 1 had no H or M antigen, fractions 3 and 4 had H and M antigens in different proportions, fraction 2 contained only M antigen ( Fig. 4 and 5) , and fractions 5, 6, and 7 had only H antigen (Fig. 4 , fraction 7 not shown).
Evaluation of the specific complement-fixing activity (reciprocal of complement-fixing titer, milligrams of protein) showed a wide disparity between fractions 2 to 7; this disparity was associated with the relative presence of M and H antigens of the preparations (Table 1) . Thus, fractions 2 and 3 showed approximate specific activities of 600 and 250, respectively, whereas fractions 5 and 6 each had approximate specific activities of 25. Without question, this is a result of the relative concentration of specific antibodies present in the serum (CDC human antihistoplasmosis serum, lot 29) used for the complement fixation test, but it may indicate a relative inherent difference in the two antigens in regard to reactivity. The serum was only known to have both H and M antibodies. On the tion of the stained acrylamide gels suggested only the number of bands as indicated by Table  1 ; the two large peaks observed at the samplegel interface of fractions 3 and 4 ( Fig. 6) were aberrations of the gel at the origin. Interpretation of the identity of each peak as H or M in Fig. 6 and 7 rests upon the relative distance of travel observed with electrophoresis and the observations that fraction 2 reacted with human antiserum specific for M antigen giving a single line of identity, and that fraction 6 reacted with antiserum specific for H and M giving a single line of identity with H antigen. It is therefore possible that the H and M reactive protein is due to the described contaminants; until sufficient material is accumulated for further analyses such a possibility must be considered.
Chemical analyses. DEAE cellulose frac- Separation of purified H and M antigens into smaller units. When fractions 2, 5, and 6 were concentrated and applied to a Sephadex G-200 column for molecular weight determination, each antigen yielded three to four peaks (Fig. 9) . Peak I of the M antigen, molecular weight greater than 200,000, had M serological activity only; peak II, molecular weight 25,000, showed an M band plus an unknown band in agar gel double diffusion; two remaining peaks, HI and IV, were inactive. The elution pattern of the H antigen was similar to that of the M antigen. H specificity was found in the fraction of molecular weight greater than 200,000; a second fraction, molecular weight 30,000, gave an H band plus another band in agar gel, and two inactive fractions of lower molecular weight (Fig. 9) .
Further chemical and serological analyses of the separation products were limited because of the small amount of antigen that remained. Analysis by paper chromatography showed that fractions I and II of both antigens contained the Amino acid analysis showed similarities between the low-molecular-weight fractions. The concentrations of arginine, methionine, leucine, alanine, tyrosine, and glycine were equal; there was a small difference between the concentrations of isoleucine, phenylalanine, lysine, and aspartic acid, and the concentration of proline in M fraction II was twice as high as that in H fraction II (Fig. 10) .
In the high-molecular-weight fractions there were equal concentrations of isoleucine, phenylalanine, and leucine, with greater differences between the remaining amino acids (Fig. 11) . Only a trace of tyrosine remained in the highmolecular-weight fractions, and arginine and methionine were not detected. The overall difference between fractions MI and HI is much The H and M antigens of histoplasmin are most probably the products of autolytic breakdown of the mycelial mat rather than of the direct formation and excretion of a growth product. The concept of antigen release due to autolytic decomposition of the mycelial mat is supported by the work of Ehrhard and Pine (7) and Schubert and Wiggins (16) . The high carbohydrate-to-protein ratio observed in these preparations suggests that the antigens emanate from cell wall decomposition products. Unpublished results (Pine and Bradley) of experiments in which Sephadex G-100-purified histoplasmin and DEAE cellulose-purified H and M antigens were treated with lysozyme, chitinase, trypsin, or chymotrypsin failed to implicate either the carbohydrate or the protein portion as the site of antigenic reactivity. Although the purified antigens were inactivated by heating 10 min in a boiling-water bath, none of the enzymatic treatments caused a loss of reactivity in the agar gel double-diffusion tests. The results of DEAE cellulose fractionation suggest that multiple breakdown products are released from the same source. Each of the multiple M fractions and H fractions released differs from the other members of its respective H or M antigenic group by its isoelectric point. In addition, the overall chemical compositions of the H and M antigens are similar, although the M antigens are distinguished from the H antigens by very much higher concentrations of proline and higher concentrations of aspartic acid, serine, threonine, glutamic acid, and glucose. The much closer relationship of M to H antigen was made more obvious by the analysis of the separation products of purified fraction 2 (M antigen) and fraction 5 (H antigen). Both products gave rise to two active fractions, one of a molecular weight greater than 200,000 and one of a molecular weight of approximately 35,000. Although each high-molecular-weight separation product retained its antigenic specificity, the two products appeared quite similar in amino acid composition (Fig. 10) , whereas it was the two low-molecular-weight fractions which continued to exhibit the differential chemical compositions initially observed between fractions 2 and 5. Furthermore, agar gel double-diffusion tests showed that these lowmolecular-weight fractions were not pure, since additional agar gel bands were observed in both products by use of adequate serum. Immunization of rabbits with the DEAE cellulose purified H fraction (fraction 5) gave sera which were highly reactive in capillary precipitin tests and which showed five to eight different precipitin lines but no H or M lines by the agar gel double-diffusion test. Thus, the overall results suggest that both the H and M antigens which we have obtained contain multiple immunogenic sites which may reside on the same molecule or on different molecules closely associated either by covalent or electrostatic bonds.
During the past several years, three different preparations of purified fractions of H (DEAE cellulose, fraction 5) and two preparations of purified fraction of M (DEAE cellulose fraction 2) were evaluated by the Mycology Unit for specificity with diverse sera. Each of these products was specific for H or M; no crossreactions were observed. They showed excellent reactivity with diverse histoplasmosis case sera. Nevertheless, the results obtained (with the low-molecular-weight antigens) suggest that products which contain more desirable features of stability and reactivity can be found. It would appear from preliminary trials that as immunogens these antigens require further purification or elimination of cross-reacting sites.
